1. Daily fluctuations in the plasma concentrations of thyroid stimulating hormone (TSH) and growth hormone (GH) have been studied in six normal males by using a 24 h continuous blood-sampling technique and a highly sensitive and specific radioimmunoassay for TSH.
remains a contentious issue at present, although recent evidence indicates that sleep is a stimulus to the secretion of testosterone in men (Evans, Maclean, Ismail & Love, 1971) . Similar controversy surrounds the question of fluctuations in plasma concentrations of follicle stimulating hormone (Faiman & Ryan, 1967; Saxena et al., 1968; Peterson, Midgley & Jaffe, 1968) .
Circadian periodicity has been demonstrated for thyroid stimulating hormone (TSH) secretion in rats (Bakke & Lawrence, 1965; Retiene, Zimmerman, Schindler, Neuenschwander & Lipscomb, 1968) and although suspected in humans (Nicoloff, 1967) confirmation with direct radioimmunological measurement of TSH has proved difficult because of assay insensitivity (Raud & Odell, 1969; Nicoloff, Fisher & Appleman, 1970; Hershman & Pittman, 1971) . The recent observations of Nicoloff (1970) on the circadian pattern of thyroidal iodine release in man prompted the present examination of the 24 h plasma TSH profile by using a highly sensitive TSH radioimmunoassay and a continuous blood-sampling technique. Because of the known association between GH secretion and delta-slow-wave sleep, the concentrations of the hormone were measured simultaneously. This report describes preliminary findings in six normal males and presents evidence for a circadian rhythm of TSH secretion.
MATERIALS A N D METHODS

Subjects
Six healthy male volunteers between the ages of 20 and 30 years were selected for the study. They were not taking sedatives or other medication. The nature of the study was explained and written consent was obtained in each case. Sampling of blood commenced at approx. 6 p.m. in four of the six subjects (9 a.m. and 10.45 a.m. in the remaining two) and proceeded for 24 h. During the waking hours the subjects sat out of bed most of the time but were encouraged to move about as much as possible. The onset of nocturnal sleep occurred between 12.30 and 2 a.m., all subjects sleeping for 5 or more hours. In addition, three subjects (F.A., R.B. and G.S.) slept for short periods in the afternoon.
Continuous blood-sampling technique
On the day of the experiment a 17-gauge double lumen teflon catheter (Alford, Culross, Chamley & Baker, 1972) was inserted under local anaesthesia into a forearm vein. Heparinized saline (lo00 units/ml) was infused through the inner catheter at a rate of 0.25 ml/h and blood was simultaneously withdrawn through the outer lumen at a constant rate (5 ml/h) by using a mobile Harvard effusion pump. In this way, timed integrated samples were obtained every 3.54 h for 24 h. The total sampling time lost through blockage of the catheter varied between 7 and 83 min for the six individuals. Plasma was separated immediately upon completion of the sampling period and was stored at -15°C. All samples from one individual were analysed in the same assay to minimize assay variability.
Hormone measurements
Thyroid stimulating hormone was measured in plasma by a double antibody radioimmunoassay technique (Patel, Burger & Hudson, 1971 ) in which assay specificity was improved by the dilution of standards (M.R.C. Research Standard A) in pooled thyrotoxic serum to equalize the serum content of standard and unknown tubes, and sensitivity was increased by diminishing the concentration of antiserum (1 : 350 OOO) and tracer antigen (20 pg). Assay sensitivity, defined as the lower 97.5% confidence limit of the non-hormone-containing standard tubes, had a mean value of 0.4 punitlml of serum. Serum and plasma gave identical values for TSH. Within-assay precision at a level of 2 punitslml showed a coefficient of variation of +6%. There was no significant cross-reaction with GH or with the human gonadotrophins. The mean serum TSH concentration in sixty-nine normal subjects was 1.0 punitslml (range from less than 0.4 to 3.1 punitslml).
Growth hormone was measured by a solid-phase radioimmunoassay by using antibodycoated polystyrene tubes (Catt, Tregear, Burger & Skermer, 1970) and the results are expressed in terms of the First International Reference Preparation (potency 2 punitslng).
Both TSH and GH were stable in whole blood at room temperature for at least 4 h. Results of the two radioimmunoassays were calculated on a CDC 3200 computer by using a curve-fitting procedure to obtain the best-fitting standard curve together with its sensitivity, and to determine unknown hormone concentrations with their standard deviations (Burger, Lee & Rennie, 1972) .
Statistical analysis
To test for any significant time and subject effects on serum TSH concentrations, an analysis of variance was performed. For this purpose the results were incorporated in a 6 x 7 grid aligning the six subjects in seven sampling periods made up of two night-sleeping periods and five wakeful periods. The possible need for data transformations was investigated by including Tukey's test for non-additivity (Cochrane & Bliss, 1970) in the two-way analyses of variance. It did not prove significant and consequently untransformed data were used throughout the final analysis. Table 1 are presented the TSH and GH concentrations of integrated plasma samples obtained from six healthy male subjects throughout the 24 h period. TSH showed a peak in all six individuals between 10 p.m. and 4 a.m. The concentration of TSH reached with these peaks was maximal for the 24 h period in all but one case (R.B.) where the highest value was recorded during an afternoon sleep. Three of the six subjects (F.A., R.B. and G.S.) had an additional short nap in the afternoon, in two of these cases (R.B. and G.S.) there was a significant increase in the TSH concentration in the corresponding integrated sample. Analysis of variance (Table 2) revealed a highly significant (P<O.OOl) nocturnal elevation in the plasma TSH concentration for the whole group. The mean individual TSH concentrations also differed significantly between subjects.
RESULTS
In
The effects of sleep on GH secretion in this study were identical with those reported by others, elevations of GH concentrations being observed in samples obtained during sleep periods both at night and during the day.
To compare the 24 h plasma profiles of TSH and GH the data from all six subjects were combined as shown in Fig. 1 . The relative changes in TSH and GH are shown, expressed as a percentage of the mean 24 h plasma values. Hormone concentrations are plotted at 2-hourly intervals by using the integrated values obtained during the sampling period spanning each point. 
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It is clear that TSH concentrations rose approx. 2 h before the onset of sleep but the peak concentration occurred at the same time as the GH peak 2 h after sleep began. The effect of day-time sleep on GH secretion is seen in the second GH peak occurring in the afternoon. ( 0 ) in six normal subjects over the 24 h period.
The black bar indicates the average duration of sleep. The second peak in GH was associated with day-time sleep; see in particular subject R.B. in Table 1 . DISCUSSION A circadian rhythm in TSH concentration in peripheral blood has been demonstrated directly, by using a sensitive, precise and specific radioimmunoassay. The plasma TSH concentration reached a significant mean maximum between 2 a.m. and 4 a.m. and a minimum between 6 p.m. and 8 p.m. In man, indirect evidence for fluctuations in thyrotrophic activity over the 24 h period has come from the studies of Nicoloff (1970) by using thyroidal iodine release measurements, which served as an index of thyroid stimulation. A circadian pattern of thyroidal iodine release was demonstrated in seventy-six euthyroid individuals with a maximum at 4 a.m. and a minimum at 5 p.m., in close agreement with the present findings.
Previous attempts to demonstrate a circadian rhythm of plasma TSH concentrations by direct radioimmunological measurement have been unsuccessful (Utiger, 1965 ; Odell, Wilber & Utiger, 1967; Raud & Odell, 1969; Hershman & Pittman, 1971) although Raud & Odell (1969) stated that 'small variations in TSH may have been missed on account of inadequate assay sensitivity and that further study was warranted'. By contrast, Blum, Greenspan & Magnum (1968) , employing an immunofluorescent tissue assay for TSH, reported a circadian rhythm of serum TSH in normal subjects similar to that in the present study.
The occurrence of simultaneous elevations in TSH and GH at night with sleep and in two of the three subjects during afternoon sleep raises the possibility that TSH secretion may be sleep-related, although the rise in concentration before the onset of nocturnal sleep as well as the failure of plasma TSH concentration to rise concomitantly with GH is one case are not readily explicable. It is of interest to perform more detailed studies, with continuous electroencephalographic and electro-oculographic monitoring, and shorter sampling intervals, to examine a possible electro-physiological correlate of TSH release.
